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ABSTRACT 

Emergency D e t e c t i o n  S y s t e m  (EDS) and s t r u c t u r e s  r e v i e w  
e f f o r t s  a t  MSFC have  conf i rmed t h a t  a S a t u r n  V l a u n c h  v e h i c l e  
s t r u c t u r a l  s t r e n g t h  problem e x i s t s  f o r  l o s s  o f  a n  e n g i n e  a t  max 
Qa. F o r  some combina t ions  o f  wind and e n g i n e  l o s s ,  t h e  "con- 
t r o l l e d "  c a s e ,  i t  was found t h a t  v e h i c l e  b reakup  would b e  a l -  
most i n s t a n t a n e o u s .  O t h e r  c o m b i n a t i o n s ,  t h e  " u n c o n t r o l l e d "  
c a s e ,  were found t o  lead t o  d i v e r g e n t  v e h i c l e  mot ion  and sub- 
s e q u e n t  l o s s ,  b u t  w i t h  warning t ime .  

T h i s  memorandum d i s c u s s e s  t h e  l a u n c h  v e h i c l e  eng ine -  
ng t  lo3ds and responses, c r i t . i c a l  v e h i c l e  s t a t i o n s ,  and t h e  
program i n i t i a t e d  by MSFC t o  o b t a i n  a s t r u c t u r a l  " f i x . f 1  
S t r u c t u r a l  s t r e n g t h e n i n g  t o  s o l v e  t h e  d i v e r g e n t  ( u n c o n t r o l l e d )  
c a s e  i s  n o t  f e a s i b l e ,  however some warn ing  t i m e  i s  a v a i l a b l e  
f o r  a b o r t .  I n  t h e  " c o n t r o l l e d "  c a s e  o f  e n g i n e  l o s s  a t  max &a 
it  was found t h a t  a l m o s t  i n s t a n t a n e o u s  b reakup  c o u l d  b e  a v e r t e d  
by p r o v i d i n g  s t r u c t u r a l  s t r e n g t h e n i n g  o f  s e v e r a l  j o i n t s .  An 
es t imated  1 1 0  pound i n c r e a s e  i n  t h e  v e h i c l e  w e i g h t  and a 1 0 3  
pound loss o f  p a y l o a d  c a p a b i l i t y  would r e s u l t  i n  a 1 . 0  f a c t o r  
o f  s a f e t y  f o r  t h e  peak  l o a d s .  T h i s  change would g a i n  crew 
s a f e t y  warn ing  t ime .  If a l a r g e r  f a c t o r  o f  s a f e t y ,  s a y  1 . 4 ,  
were  r e q u i r e d ,  a 2 ,887  pound p a y l o a d  l o s s  would r e s u l t .  It 
i s  conc luded  t h a t  u s e  o f  t h e  1 . 0  f a c t o r  o f  s a f e t y  f o r  t h i s  
l o a d i n g  c a s e  a p p e a r s  r e a s o n a b l e .  The z e r o  marg in  o f  s a f e t y  
r e q u i r e s  t h e  f o l l o w i n g :  

a .  9 5  p e r c e n t i l e  winds.  

b .  w o r s t  c a s e  e n g i n e  l o s s  a t  o r  
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SUBJECT: Saturn V Launch Vehicle Engine-Out DATE: April 11, 1967 
and Ground Wind Structural 

I Capability - Case 330 FROM: H. E. Stephens 

MEMORANDUM FOR F I L E  

1. INTRODUCTION 

The Boeing Company presented the results of a prelimi- 
nary Emergency Detection System (EDS) engine-out analysis at the 
Sixth Flight Limits Subpanel Meeting on November 9 ,  1966.l The 
results of that study indicated that for certain one engine-out 
failures vehicle breakup would occur almost instantaneously. 
Control system response, attitude rates and warning times were 
also included in the study. Further refinements of the November 
1966 
1967, (herein referred to as EDS Study). 

results were made and a second briefing given on January 11, 
1 

MSFC, R-P&VE, gave a presentation to Dr. A. Rudolph on 
February 27, 1967, covering the latest analyses of one engine-out 
and ground wind structural requirements and recommendations for 
structural strengthening (herein referred to as Structures Report). 
The author attended that presentation. 

Continuing efforts are underway at MSFC to investigate 
the structural loading and capability, EDS limits and warning 
times, and control system characteristics for the one engine-out 
case at maximum & a .  Although both the EDS Study and Structures 
Report indicated a serious structural condition for one engine- 
out at maximum &a, the detailed findings differed, i . e . ,  the most 
critical joint. This is attributed to a refinement in assessed 
structural capability. This memorandum discusses the launch vehi- 
cle loading, structural capability, and recommendations for struc- 
tural strengthening. 

2. CRITICAL FLIGHT TIME 

The maximum aerodynamic bending, which must be counter- 
balanced by engine gimballing to maintain programmed attitude 
rates, is introduced into the vehicle at maximum &a. In some wind 

'Trip Report - EDS Effectiveness: Status of Saturn V Launch 
Vehicle Analyses, Case 320, dated January 12, 1967, by T. F. Loeffler 
and M. M. Purdy. 
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ccnditions, this will result in a net tension load in portions of 
the launch vehicle. Loss  of an engine, the particular engine 
depending on the wind direction, can increase this tension beyond 
the structural capability. Once through maximum Qa, although the 
compressive axial acceleration load continually increases until 
S-IC center-engine cutoff, the bending moments for a nominal 
flight decrease. As loss of an engine superimposes additional bend- 
ing moments, maximum &a (approximately T + 70 seconds) is struc- 
turally the most critical time for l o s s  of an engine. 

3. ENGINE-OUT LOADS 

Figures 1 through 3 are included to show in simplified 
form the impact on structural loading of loss of an engine at 
maximum Qa. Figure 1 represents the loading condition just prior 
to l o s s  of an engine. As illustrated, the aerodynamic lift force 
tends to rotate the vehicle clockwise about the CG, Ma. To coun- 
teract this moment, the engines are gimbRl.led to provide a counter- 
clockwise moment Mg' (NOTE: M and M e  will 1?Gt be equal as some 
transients in attitude rates (angular acceleration) will be permit- 
ted when passing through maximum Qa.) This vehicle loading is anal- 
ogous to a beam in which compression is introduced at the top and 
tension at the bottom. The bending load is superimposed on the 
axial compressive load caused by drag and longitudinal acceleration. 
In some nominal flight conditions, the bending stress will exceed 
the axial compressive stress and a net tension will be present. 
This situation is illustrated in Figure 1. 

0. 

Figures 2 and 3 show the added (unbalanced) moment 
caused by loss of an engine, but before engine gimbal correction. 
The wind direction establishes the relative velocity vector and 
hence the plane in which the angle of attack, a, lies. This "a" 
plane determines which specific engines are the most critical. 
As shown later, worse case wind directions were chosen so that a 
would be in either the 2-4 or 1-3 engine planes. Hereinafter, 
loss of the engine on the same side of the longitudinal axis as 
a is.referred to as the "controlled" case and the opposite engine 
as the "uncontrolled" case. 

The "controlled" engine loss case is shown in Figure 2. 
Loss of the engine reduces the counterclockwise engine gimbal mo- 
ment, Mg, to approximately three-fourths of its value prior to 
engine loss. The unsymmetrical longitudinal engine thrust now 
introduces a counterclockwise disturbing moment, M E O .  

MEO is significantly greater than the reduction in M 
in an unbalanced counterclockwise moment approximately equal 
to M E O - A M B .  For structural loading, the acceleration forces 
generated are equivalent to applying a static moment that will 

This moment 
resulting B '  
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i n c r e a s e  t h e  t e n s i o n  l o a d s  on t h e  bot tom o f  t h e  v e h i c l e  f o r w a r d  
o f  t h e  C G .  The t e n s i o n  c a p a b i l i t y  i s  a l m o s t  i n s t a n t a n e o u s l y  
exceeded  a t  c e r t a i n  v e h i c l e  s t a t i o n s .  To o b t a i n  c o n t r o l  o f  t h e  
v e h i c l e ,  i n  s i m p l i f i e d  form, t h e  e n g i n e  g imba l  a n g l e s  must be  
changed t o  c r e a t e  a c lockwise  moment e q u a l  t o  MEO - M . T h i s  

CY, 

means s h i f t i n g  B t o  t h e  o p p o s i t e  s i d e  o f  t h e  l o n g i t u d i n a l  a x i s .  

The  " u n c o n t r o l l e d "  e n g i n e  l o s s  c a s e  i s  shown i n  F i g -  
u r e  3 .  I n  t h i s  c a s e ,  t h e  engine-out  d i s t u r b i n g  moment, MEO, is 
i n  t h e  same d i r e c t i o n  as M a .  
l i e v e d  and o n l y  compress ion  i s  p r e s e n t  a t  t h e  c r i t i c a l  j o i n t s .  

I n i t i a l l y ,  t h e  t e n s i o n  l o a d  i s  re -  

a T h e  e n g i n e s  must be  g i m b a l l e d  an  amount t o  c o u n t e r b a l a n c e  MEO + M 

w i t h  t h r e e  e n g i n e s .  T h i s  case has been  shown t o  l e a d  t o  d i v e r -  
g e n t  a t t i t u d e  r a t e s  w i t h  a n  i n c r e a s e  i n  a and t e n s i o n  l o a d s .  
The r e s p o n s e  f o r  t h i s  c a s e  i s  f a v o r a b l e  i n  t h a t  some warn ing  
t ime f o r  a n  a b o r t  i s  p r e s e n t .  

Some o f  t h e  aspects of  t h e  EDS S tudy  t h a t  r e l a t e  t o  
t h e  S t r u c t u r e s  Repor t  are covered  below.  

a .  Wind C o n d i t i o n s  

Two d i r e c t i o n a l  wind l o a d i n g  c a s e s  were u s e d .  These 
were: 

(1) 4 1  k n o t s  ( 2 1  m e t e r s / s e c o n d ) ,  2 7 O .  Wi th  r e f e r e n c e  
t o  p a r a g r a p h  3,  l j i l  e n g i n e  i s  t h e  c o n t r o l l e d  c a s e  
and # 3  eng ine  t h e  u n c o n t r o l l e d  c a s e .  

( 2 )  135 k n o t s  ( 6 9  m e t e r s / s e c o n d ) ,  297". With r e f e r -  
e n c e  t o  p a r a g r a p h  3 ,  #2 e n g i n e  i s  t h e  c o n t r o l l e d  
c a s e  and # 4  e n g i n e  t h e  u n c o n t r o l l e d  c a s e .  

b .  a v s  B c u r v e s  

I n i t i a l l y ,  s t r u c t u r a l  c r i t i c a l i t y  was e v a l u a t e d  by 
u s e  o f  CY, v s  B l i m i t  c u r v e s .  A t y p i c a l  a v s  B l i m i t  c u r v e  for 
s t a t i o n  2747 (S-IVB A f t  s e p a r a t i o n  j o i n t )  i s  shown by F i g u r e  4 .  
T h e  a v s  l i m i t  c u r v e s  w i l l  v a r y  by s t a t i o n .  A s  a r e f i n e m e n t ,  
t h e  dynamic r e s p o n s e ,  i n c l u d i n g  b e n d i n g  and a x i a l  l o a d s ,  was 
computed b y  t h e  Boeing Company S a t u r n  V F l i g h t  Dynamics D i g i t a l  
Program. A s  would be e x p e c t e d ,  t h e r e  was n o t  comple t e  agreement  
w i t h  t h e  CY, v s  6 l i m i t s .  A s  a r e s u l t ,  t h e  r e f i n e d  l o a d s  f rom t h e  
F l i g h t  Dynamics Program rather  t h a n  t h e  a v s  B c u r v e s  were u s e d  
as t h e  f a i l u r e  c r i t e r i a .  
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However, i t  i s  n o t e d  t h a t  t h e  a v s  B c u r v e s  r ema in  o f  v a l u e .  
A t a b u l a t i o n  o f  t h e  e q u a t i o n s  used  f o r  t h i s  F l i g h t  Dynamics 
Program a r e  a v a i l a b l e  f rom t h e  a u t h o r .  It i s  n o t e d  t h a t  19 
p a n e l s  a l o n g  t h e  l e n g t h  o f  t h e  v e h i c l e  f o r  summing t h e  a e r o -  
dynamic f o r c e s  and 5 1  mass c o n c e n t r a t i o n s  p o i n t s  a re  u s e d .  
T h i s  program a l s o  p e r m i t s  t h e  u s e  of  a f l e x i b l e  body a n a l y s i s ,  
as w e l l  as t h a t  o f  a r i g i d  body, and has p r o v i s i o n  f o r  i n j e c -  
t i o n  o f  s i m u l a t e d  m a l f u n c t i o n s .  A p r o f i l e  o f  v e h i c l e  m o t i o n s ,  
r a t e s  and s t r u c t u r a l  l o a d s  i s  p r o v i d e d .  T y p i c a l  a t t i t u d e  r a t e  
and s t r u c t u r a l  t e n s i o n  l o a d  o u t p u t  c u r v e s  a re  shown i n  F i g u r e s  
5 and 6 .  

c .  C r i t i c a l  J o i n t  

The f i r s t  EDS S tudy  work d e t e r m i n e d  v e h i c l e  s t a t i o n  
1848 ,  S - I1  common bu lkhead  b o l t i n g  r i n g ,  t o  be t h e  most c r i t i -  
c a l  j o i n t ;  whereas t h e  S t r u c t u r e s  Repor t  d i d  n o t  i n c l u d e  t h i s  
as a c r i t i c a l  j o i n t .  T h i s  i s  a t t r i b u t e d  t o  a s i g n i f i c a n t  r e -  
v i s i o n  upward o f  s t a t i o n  1848 c a p a b i l i t y  f rom t h a t  u sed  i n  t h e  
EDS S tudy .  

d .  C o n t i n u i n g  Work 

The p r i m e  pu rpose  o f  t h e  EDS S tudy  e f f o r t  i s  n o t  t o  
s o l v e  t h e  s t r u c t u r a l  p roblems.  Ra the r ,  i t  i s  t o  i n v e s t i g a t e  
v e h i c l e  dynamics b e h a v i o r ,  a t t i t u d e  r a t e s ,  s t a b i l i t y  p rob lems ,  
warn ing  t i m e s ,  and c o n t r o l  s y s t e m s .  N e v e r t h e l e s s ,  t h e  EDS 
S tudy  work i s  dependen t  on a s s e s s e d  s t r u c t u r a l  s t r e n g t h s  and ,  
l i k e w i s e ,  t h e  S t r u c t u r e s  work dependen t  on t h e  o u t p u t  f rom t h e  
EDS S t u d y .  I n  d i s c u s s i o n s  w i t h  MSFC p e r s o n n e l ,  t h e  a u t h o r  
found  t h a t  i n  f a c t  t h e s e  two e f f o r t s  were b e i n g  c o o r d i n a t e d  
and worked t o g e t h e r .  The  EDS S tudy  i s  a c o n t i n u i n g  e f f o r t .  

5 .  STRUCTURES REPORT 

The S t r u c t u r e s  D i v i s i o n ,  R-P&VE, MSFC, has an  e f f o r t  
underway t o  r e v i e w  t h e  S a t u r n  V s t r u c t u r a l  c a p a b i l i t y  t o  w i t h -  
s t a n d  a n  eng ine -ou t  a t  maximum &a. T h i s  e f f o r t  a l s o  e x t e n d s  t o  
t h e  a b i l i t y  t o  w i ths t and  a 65 k n o t  ground wind wh i l e  on t h e  
l a u n c h  pad.  The scope  o f  t h i s  work i n c l u d e s  a r e d e f i n i t i o n  o f  
v e h i c l e  l o a d i n g ,  r e a s s e s s m e n t  o f  v e h i c l e  s t r u c t u r a l  c a p a b i l i t y ,  
i d e n t i f i c a t i o n  of c r i t i c a l  p o i n t s  and p o s s i b l e  f i x e s ,  and i n i -  
t i a t i o n  o f  a program l e a d i n g  t o  a " f i x . "  

a .  Wind C o n d i t i o n s  

A s  n o t e d  i n  p a r a g r a p h  4 ,  4 1  and 135 k n o t  d i r e c t i o n a l  
winds  were c o n s i d e r e d  i n  t h e  EDS S t u d y .  I n  assess ing  t h e  s t r u c -  
t u r a l  c a p a b i l i t y ,  t h e  wind l o a d i n g s  a re  f u r t h e r  r e l a t e d  t o  de- 
s i r e d  f a c t o r s  of s a f e t y .  The S t r u c t u r e s  Repor t  c o n s i d e r s  a maxi- 
mum wind v e l o c i t y  of 1 4 6  k n o t s ,  compared t o  t h e  135 k n o t s  u s e d  
i n  t h e  EDS S t u d y .  
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Loading  i n f o r m a t i o n  was g e n e r a t e d  and t h e  s t r u c t u r a l  
c a p a b i l i t y  examined f o r  four c a s e s  o f  e n g i n e - c u t  a t  maximum Qa, 
which a re :  

1 4 6  k n o t s  ( 7 5  m e t e r s / s e c ) ;  f a c t o r  o f  s a f e t y  1 . 4  
1 4 6  k n o t s ;  f a c t o r  o f  s a f e t y  1 . 0  

88 k n o t s  ( 4 5  m e t e r s / s e c ) ;  f a c t o r  of s a f e t y  1 . 4  
88 k n o t s ;  f a c t o r  o f  s a f e t y  1.0 

The 1 . 4  f a c t o r  of s a f e t y  means t h a t  t h e  u l t i m a t e  
s t r e n g t h  a t  which t h e  v e h i c l e  w i l l  b r e a k  up i s  1 . 4  times t h e  
l o a d s  e x p e c t e d ;  i n  t h i s  c a s e ,  t h e  l o a d s  a f t e r  l o s s  o f  a n  e n g i n e  
a t  maximum &a. A 1 . 0  f a c t o r  o f  s a f e t y  means t h a t  t h e  s t r u c t u r e  
w i l l  j u s t  t ake  t h e  e x p e c t e d  l o a d  w i t h o u t  b r e a k u p ,  any grea te r  
l o a d  c a u s i n g  f a i l u r e .  A l s o ,  y i e l d i n g  of t h e  s t r u c t u r e  w i l l  oc- 
c u r  unde r  t h e  e x p e c t e d  l o a d .  

wind ,  b u t  w i t h  t r a j e c t o r y  bias c o n s i d e r e d  i n  t n e  88 knot  c a s e .  
With t r a j e c t o r y  b i a s  i n  t h e  p i t c h  p l a n e ,  a t t i t u d e s  a re  programmed 
f o r  t h e  mean wind c o r r e s p o n d i n g  t o  t h e  p l a n n e d  month o f  l a u n c h .  
T h a t  i s ,  t h e  a t t i t u d e  p i t c h  i s  a l i g n e d  i n t o  t h e  wind f o r  a c r a b -  
b i n g  t y p e  m o t i o n .  By t a k i n g  a d v a n t a g e  o f  t r a j e c t o r y  b ias  f o r  a 
mean wind,  MSFC found t h a t  t h e  1 4 6  k n o t  wind c o u l d  be h a n d l e d  
b y  a n  e q u i v a l e n t  88 kno t  wind  l o a d i n g  r a the r  t h a n  t h e  f u l l  146 
k n o t s .  

The 1 4 6  and 88 knot c a s e s  r e p r e s e n t  t h e  same a c t u a l  

b .  Loading  I n f o r m a t i o n  

A x i a l  l o a d ,  bending  moment, and f l e x u r a l  r e s p o n s e  i n -  
f e r m a t i c n  was g e n e r a t e d  f c r  d i f f e r e n t  v e h i c l e  s t a t i o n s  t o  es tab-  
l i s h  new d e s i g n  l o a d  p r o f i l e s .  

A t y p i c a l  r e s p o n s e  c u r v e  i s  shown i n  F i g u r e  7 f o r  s ta -  
The c o n t r o l l e d  v e h i c l e  t i o n  2832 ( S - I V B  LH2 t a n k  t o  a f t  s k i r t ) .  

r e s p o n s e  c u r v e  ( l e f t  side) i s  f o r  t h e  eng ine -ou t  c a s e  i l l u s t r a t e d  
i n  F i g u r e  2 .  A s  c an  be s e e n ,  i n  F i g u r e  7 ,  t he re  i s  a r a p i d  b u i l d -  
up i n  t e n s i o n  l o a d  t o  a peak w i t h  a s u b s e q u e n t  g r a d u a l  decrease.  
T h e  g e n e r a l  shape  of t h e  cu rve  i s  d e t e r m i n e d  by  t h e  v e h i c l e  and  
c o n t r o l  sys t em r e s p o n s e s .  The o s c i l l a t i o n s  i n  t h e  c u r v e  are  due 
t o  e x c i t a t i o n  of v e h i c l e  f l e x u r e  modes. I f  i t  i s  p o s s i b l e  t o  ge t  
t h e  v e h i c l e  p a s t  t h e  f i r s t  peak ,  i t  c a n  w i t h s t a n d  t h e  s u b s e q u e n t  
l o a d i n g .  The u n c o n t r o l l e d  v e h i c l e  r e s p o n s e  c u r v e  ( r i g h t  s i d e  
F i g u r e  7 ) ,  i s  f o r  t h e  engine-out  c a s e  i l l u s t r a t e d  i n  F i g u r e  3 .  I n  
t h i s  c a s e ,  t he re  i s  n o t  a n  i n s t a n t a n e o u s  b u i l d u p  of  t e n s i o n  l o a d s ,  
b u t  a d i v e r g e n c e  i n  v e h i c l e  a t t i t u d e  r a t e s  w i t h  a c o n t i n u i n g  l o a d  
i n c r e a s e .  Again t h e  o s c i l l a t i o n s  i n  t h e  c u r v e  r e p r e s e n t  e x c i t a -  
t i o n  of v e h i c l e  f l e x u r e  modes. 
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A s  s e e n  i n  F i g u r e  7 ,  t h e r e  i s  l i t t l e  s i m i l a r i t y  between 
t h e  c o n t r o l l e d  and u n c o n t r o l l e d  c a s e s .  I n  t h e  c o n t r o l l e d  c a s e ,  
t h e r e  i s  a r a p i d  b u i l d u p  o f  t e n s i o n  f o l l o w e d  by a g r a d u a l  d e c r e a s e ,  
whereas i n  t h e  u n c o n t r o l l e d  c a s e  t h e r e  i s  a d i v e r g e n c e  and con- 
t i n u e d  l o a d  i n c r e a s e .  However, i n  t h e  u n c o n t r o l l e d  c a s e  t he re  i s  
warn ing  t i m e  a v a i l a b l e  b e f o r e  t h e  s t r u c t u r a l  l o a d s  a p p r o a c h  t h e  
u l t i m a t e  s t r e n g t h .  P r o v i d i n g  a d e q u a t e  s t r e n g t h  t o  w i t h s t a n d  t h e  
u l t i m a t e  u n c o n t r o l l e d  c a s e  l o a d  a p p e a r s  t o  b e  o u t  o f  t h e  q u e s t i o n .  
T h a t  problem i s  b e i n g  i n v e s t i g a t e d  by t h e  EDS Study  from t h e  a s p e c t  
of warning  t imes and p o s s i b l e  c o n t r o l  s y s t e m  changes  and a d i s c u s -  
s i o n  o f  t h a t  e f f o r t  i s  n o t  p a r t  o f  t h i s  memorandum. The s t r u c t u r e s  
r e v i e w  e f f o r t  i s  b e i n g  a d d r e s s e d  t o  t h e  c o n t r o l l e d  c a s e  and t o  p r o -  
v i d i n g  s u f f i c i e n t  s t r e n g t h  t o  w i t h s t a n d  t h e  f i r s t  (maximum) peak  i n  
t h e  v e h i c l e  l o a d i n g .  T h a t  peak  i s  p r e s e n t l y  p r e d i c t e d  t o  o c c u r  
w i t h i n  a f r a c t i o n  of  a second and w i t h o u t  s u f f i c i e n t  warn ing  t i m e  
for crew a b o r t .  

The v e h i c l e  moment l o a d  p r o f i l e s  g e n e r a t e d  as a b a s i s  
f o r  a r e v i e w  o f  t h e  s t r u c t u r a l  c a p a b i l i t y  a r e  shown i n  F i g u r e  8 .  
The p r e s e g t  d e s i g n  momer?t p r o f i l e  i s  i n c l u d e d ,  as  w e l l  as t h e  
new ones  f o r  t h e  eng ine -ou t  c a s e s  w i t h  and w i t h o u t  wind b i a s .  
The r e l a t i v e  s e v e r i t y  of  t h e s e  moment c u r v e s  i s  i l l u s t r a t e d  by 
t h e i r  maximum b e n d i n g  moments, which a r e :  

Case 
Maximum Bending 
Moment i n - l b s  

Des ign  c r i t e r i a  2 7 0  x 10' 

6 
88 k n o t  wind,  one 415 x l 0  
eng ine -ou t  

6 
1 4 6  kno t  wind,  one 510 x 1 0  
eng ine -ou t  

F i g u r e  9 shows a breakdown o f  t h e  moment c u r v e  o f  
F i g u r e  8 f o r  a 88 k n o t  wind i n t o  i t s  components ;  t h e s e  b e i n g  
eng ine -ou t  s t a t i c  and dynamic moments, b e n d i n g  moments due  t o  
CY. and B ,  and a dynamic moment due  t o  wind ( g u s t s ) .  The e n g i n e -  
o u t  dynamic moment shown i n  F i g u r e  9 i s  due  t o  e x c i t a t i o n  o f  t h e  
v e h i c l e  f l e x u r e  modes ( o s c i l l a t i o n s  shown i n  F i g u r e  7 ) .  A 
s i g n i f i c a n t  p o r t i o n  of the  bend ing  moment i n  the t o p  p o r t i o n s  
o f  t h e  v e h i c l e ,  where many o f  t h e  s t r u c t u r a l  weaknesses  were 
f o u n d ,  i s  a t t r i b u t a b l e  t o  t h i s  dynamic moment. 

Responses  from t h e  f i r s t  f o u r  b e n d i n g  modes and t h e  
wind g u s t  l o a d i n g  were superimposed as i f  i n  p h a s e  i n  t h e  MSFC 
S t r u c t u r e s  S t u d y .  Although t h i s  d i r e c t  s u p e r i m p o s i t i o n  c o u l d  
b e  c o n s e r v a t i v e ,  i n  t h e  a c t u a l  c a s e  t h i s  s h o u l d  p r o v i d e  a s l i g h t  
m a r g i n  of  s a f e t y ,  p a r t i c u l a r l y  where a 1 . 0  f a c t o r  o f  s a f e t y  i s  
u s e d .  
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The a x i a l  l o a d s  a r e  combined w i t h  t h e s e  bend ing  moments 
( s imi l a r  t o  t h a t  shown i n  F i g u r e  1) t o  o b t a i n  t h e  maximum t e n s i o n  
and compress ion  l o a d s  a t  each  s t a t i o n  o f  t h e  v e h i c l e .  

C .  S t r e n g t h  C a p a b i l i t y  

A r e a s s e s s m e n t  of t h e  t e n s i o n  and compress ion  c a p a b i l -  
i t i e s  o f  t h e  v a r i o u s  j o i n t s  and s e c t i o n s  o f  t h e  v e h i c l e  has been  
made. I n  s o  d o i n g ,  d e s i g n  l o a d s ,  a n a l y s i s ,  and s t r u c t u r a l  t e s t  
i n f o r m a t i o n  were c o n s i d e r e d .  T a b l e s  I t h r o u g h  I V Y  t a k e n  from t h e  
Boeing Company SA-501 S t r u c t u r a l  I n t e g r i t y  Repor t  o f  F e b r u a r y  6 ,  
1 9 6 7 ,  g i v e  a summary of  t h e  s t r u c t u r a l  t e s t  program i n c l u d i n g  t h e  
p e r c e n t a g e  o f  t h e  l i m i t  load*  t o  which t h e  components have been  
t e s t e d .  I n  some c a s e s ,  t h e  components were t e s t e d  t o  t h e  d e s i g n  
1.4 f a c t o r  o f  s a f e t y  w i t h o u t  f a i l u r e  o c c u r r i n g .  As t h o s e  t e s t s  
were t o  d e m o n s t r a t e  t h a t  t h e  d e s i g n  f a c t o r  o f  s a f e t y  had been  
a c h i e v e d ,  t h e y  were s t o p p e d  a t  t h a t  p o i n t  and n o t  t a k e n  t o  de- 
s t r u c t i o n .  Conce ivab ly ,  t h e r e  may be some margin  o f  s a f e t y * *  
a t  t h e  c r i t i c a l  j o i n t , s .  The e x a c t  amount of any marg in  o f  s a r e t y  
i s  unknown and s h o u l d  b e  d e t e r m i n e d .  I f  i t  i s  found t h a t  any of  
t h c  J o i n t s  have  a mai?glii of safety beyond t h e  d e s i g n  f a c t o r  of 
s a f e t y ,  t h e  s t r u c t u r a l  " f i x "  f o r  a n  eng ine -ou t  c a p a b i l i t y  would 
b e  e a s i e r .  

F i g u r e s  11 and 1 2 ,  a l s o  t a k e n  from t h e  Boeing F e b r u a r y  6 ,  
1 9 6 7 ,  SA-501 S t r u c t u r a l  I n t e g r i t y  R e p o r t ,  summarize t h e  assessed 
compress ion  and t e n s i o n  c a p a b i l i t i e s  r e s p e c t i v e l y  f o r  SA-501 i n  
pounds p e r  i n c h  o f  c i r c u m f e r e n c e .  The a s s e s s e d  compress ion  c a p a b i l -  
i t y  i s  based e n t i r e l y  on t e s t  i n f o r m a t i o n ,  whereas  t h e  t e n s i o n  
c a p a b i l i t y  i s  based p r i m a r i l y  on d e s i g n  and a n a l y s i s .  

The s t r u c t u r a l  c a p a b i l i t i e s  shown a re  f o r  SA-501. I n  
d e t e r m i n i n g  t h e  p r o f i l e  f o r  SA-504 and s u b s ,  a l l o w a n c e  i s  made f o r  
t h o s e  s e c t i o n s  and j o i n t s  whose c o n f i g u r a t i o n  and d e s i g n  f a c t o r  o f  
s a f e t y  have  changed.  Less t e s t  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  
SA-504 and s u b s e q u e n t  c o n f i g u r a t i o n  t h a n  f o r  SA-501. 

* L i m i t  Load - L i m i t  l oad  i s  t h e  maximum l o a d  c a l c u l a t e d  t o  
b e  e x p e r i e n c e d  by t h e  s t r u c t u r e  unde r  t h e  s p e c i f i e d  c o n d i t i o n s  of 
o p e r a t i o n .  I n  t h i s  i n s t a n c e ,  based on t h e  Des ign  Moment c u r v e  
o f  F i g u r e  8 .  

**Margin of  S a f e t y  - A s  u sed  here ,  marg in  of s a f e t y  means t h e  
A c t u a l  U l t i m a t e  S t r e n g t h  - 1.4. 

L i m i t  Load 
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d .  C r i t i c a l  J o i n t s  ( G e n e r a l )  

The f a c t o r s  of s a f e t y  f o r  t h e  d i f f e r e n t  c a s e s  c o n s i d e r e d  
were d e t e r m i n e d  by d i v i d i n g  t h e  s t r u c t u r a l  s t r e n g t h  c a p a b i l i t i e s  
by t h e  g e n e r a t e d  l o a d s .  For t h e  j o i n t s  where t h i s  f i g u r e  was l e s s  
t h a n  t h e  d e s i r e d  f a c t o r  o f  s a f e t y  ( n e g a t i v e  marg in  o f  s a f e t y )  a 
p r e l i m i n a r y  es t imate  was made o f  t h e  i n c r e a s e  i n  v e h i c l e  we igh t  
r e q u i r e d  t o  b r i n g  t h e  f a c t o r  o f  s a f e t y  up t o  t h a t  des i r ed .  

T a b l e  V i s  t h e  R-P&VE t a b u l a t i o n  of  t h e  r e s u l t s  o f  such  
a r e v i e w  f o r  a 1 4 6  kno t  ( 7 5  m e t e r s / s e c o n d )  wind and 1 . 4  f a c t o r  o f  
s a f e t y .  The v e h i c l e  was found t o  be c r i t i c a l  i n  compress ion  t h r o u g h -  
o u t  and i n  t e n s i o n  i n  t h e  S- I1  and up .  It was estimated t h a t  f o r  
a f a c t o r  o f  s a f e t y  o f  1 . 4 ,  v e h i c l e  we igh t  would i n c r e a s e  by 19 ,280  
pounds w i t h  a p a y l o a d  loss o f  8 ,754  pounds .  T h i s  r e p r e s e n t s  t h e  
ex t r eme  c a s e ;  t h a t  i s ,  i n c r e a s i n g  t h e  s t r u c t u r a l  c a p a b i l i t y  t o  
1 . 4  t imes t h e  e x p e c t e d  engine-out  l o a d s  w i t h o u t  c o n s i d e r a t i o n  of  
t r a j e c t o r y  b i a s .  

T a b l e  V I  g i v e s  t h e  r e s u l t s  for t h e  1 4 6  k n o t s  ( 7 5  meters/ 
s e c o n d )  and 1 . 0  f a c t o r  of s a f e t y  c a s e .  The 1 . 0  f a c t o r  o f  s a f e t y  
means t h a t  t h e  u l t i m a t e  s t r u c t u r a l  c a p a c i t y  i s  t h e  same as t h e  
maximum e x p e c t e d  l o a d s .  The v e h i c l e  was found  t o  be c r i t i c a l  i n  
t e n s i o n  a t  e i g h t  l o c a t i o n s  and i n  compress ion  a t  one  l o c a t i o n .  
It w a s  es t imated t h a t  f o r  a f a c t o r  o f  s a f e t y  o f  1 . 0 ,  t h e  v e h i c l e  
we igh t  would i n c r e a s e  by 380 pounds w i t h  a p a y l o a d  l o s s  o f  296  
pounds .  

T a b l e  V I 1  g i v e s  t h e  r e s u l t s  f o r  t h e  88 k n o t s  ( 4 5  meters/ 
s e c o n d )  and 1 . 4  f a c t o r  of s a f e t y  c a s e .  A s  was found  f o r  1 4 6  k n o t s  
and a 1 . 4  f a c t o r  o f  s a f e t y ,  t h e  v e h i c l e  was g e n e r a l l y  c r i t i c a l  i n  
b o t h  compress ion  and t e n s i o n .  It was est imated t h a t  f o r  a f a c t o r  
of  s a f e t y  of 1 . 4 ,  t h e  weight  would i n c r e a s e  by 4 ,356  pounds w i t h  
a p a y l o a d  loss o f  2,887 pounds.  

T a b l e  V I 1 1  g i v e s  t h e  r e s u l t s  f o r  88 k n o t s  ( 4 5  meters/ 
s e c o n d )  and a 1 . 0  f a c t o r  o f  s a f e t y .  I n  t h i s  c a s e ,  t h e  v e h i c l e  
i s  c a p a b l e  of  w i t h s t a n d i n g  t h e  compress ion  l o a d s ,  b u t  i s  c r i t i c a l  
i n  t e n s i o n  a t  s i x  l o c a t i o n s .  Fo r  a f a c t o r  o f  s a f e t y  o f  1 . 0 ,  t h e  
e s t i m a t e d  we igh t  i n c r e a s e  and p a y l o a d  loss are  1 1 0  and 1 0 3  pounds 
r e s p e c t i v e l y .  
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The we igh t  i n c r e a s e  and p a y l o a d  loss f o r  t h e s e  f o u r  
cases are  summarized as f o l l o w s :  

Weight Pay load  
Knots Des i r ed  F a c t o r  I n c r e a s e  Loss  
(Wind) Meters/sec o f  S a f e t y  (pounds  ) ( p o u n d s )  

146 (75) 1.4 19,280 8,754 

146 (75) 1.0 380. 296 

88 (45) 1.4 7,356 2,887 

88 (45) 1.0 110 1 0 3  

e .  S p e c i f i c  C r i t i c a l  J o i n t s  (88 kno t  wind, F.S. 1 . 0 )  

The f o l l o w i n g  l o c a t i o n s  were found  t o  b e  c r i t i c a l  f o r  
t h i s  c o n t r o l l e d  engine-out  c a s e .  

(1) I U ,  Upper  R i n g  ( S t a t i o n  3258) (SLA I n t e r f a c e )  

The amount of bond area between t h e  i n b o a r d  r i n g  
f l a n g e  o f  t h e  I U  upper  r i n g  and  t h e  i n b o a r d  s k i n  was 
found t o  b e  c r i t i c a l .  An i n c r e a s e  i n  t h e  l e n g t h  o f  
t h e  i n b o a r d  r i n g  f l a n g e  and bond area i s  r e q u i r e d .  

(2) I U / S - I V B  I n t e r f a c e  ( S t a t i o n  3222) 

The I U  and t h e  S - I V B  f o r w a r d  s k i r t  are j o i n e d  by 
i n t e r n a l  b o l t i n g  r i n g  f l a n g e s .  when t e n s i o n  i s  a p p l i e d  
t o  t h e  j o i n t ,  t h e  r i n g s  a c t  as c a n t i l e v e r  beams between 
t h e  b o l t i n g  c i r c l e  and t h e  o u t e r  s k i n .  The d i m e n s i o n s  
a re  such  t h a t  under  a t e n s i o n  l o a d ,  t h e  f l a n g e  on t h e  
S - I V B  fo rward  s k i r t  becomes c r i t i c a l  i n  b e n d i n g .  One, 
way t h a t  t h i s  could  b e  r e c t i f i e d  would b e  t o  r i v e t  
t e n s i o n  s t r aps  a c r o s s  t h e  o u t s i d e  of  t h e  j o i n t .  Such 
a p r o c e d u r e  has t h e  d i s t i n c t  d i s a d v a n t a g e  t h a t  t h e  
I U  and S-IVB c o u l d  n o t  be  r e a d i l y  demated. O the r  
p o s s i b l e  f i x e s ,  such as r e i n f o r c i n g  b a t h t u b  f i x t u r e s  
on t h e  S-IVB s i d e ,  are  t o  be i n v e s t i g a t e d .  

(3) S-IVB LH2 Tank/Aft S k i r t  J o i n t  ( S t a t i o n  2832) 

The b o l t i n g  r i n g  f l a n g e s  are c r i t i c a l  i n  t e n s i o n  
i n  t h e  same manner as f o r  t h e  I U / S - I V B  f o r w a r d  s k i r t .  
A p o s s i b l e  f i x  would be t o  p l a c e  washers, or r i n g s ,  
u n d e r  t h e  b o l t  heads and n u t s  t o  s t i f f e n  t h e  f l a n g e s .  
Other methods a r e  to be i n v e s t i g a t e d .  
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f .  

(4) S-IVB/S-I1 S e p a r a t i o n  P l a n e  ( S t a t i o n  2746) 

T e n s i o n  l o a d s  a c r o s s  t h e  s e p a r a t i o n  p l a n e  a re  
c a r r i e d  by a t e n s i o n  band l o c a t e d  on t h e  o u t s i d e  o f  
t h e  l i n e a r  shaped s e p a r a t i o n  c h a r g e .  I n  s t a g i n g ,  t h i s  
band i s  s e v e r e d  b y  t h e  shaped  c h a r g e .  It was found  
t h e  band d o e s  n o t  now have enough c r o s s  s e c t i o n  area 
t o  c a r r y  t h e  engine-out  t e n s i o n  l o a d .  A p roposed  f i x  
i s  t o  i n c r e a s e  t h e  t h i c k n e s s  o f  t h e  t e n s i o n  band t o  
p r o v i d e  t h e  r e q u i r e d  c r o s s  s e c t i o n  area.  Whether t h e  
r e q u i r e d  band t h i c k n e s s  i s  w i t h i n  t h e  r a n g e  t h a t  c a n  
be  s e v e r e d  by t h e  shaped c h a r g e  i s  q u e s t i o n a b l e  a t  
t h i s  t i m e .  T h i s  i s  t o  be i n v e s t i g a t e d ,  a l o n g  w i t h  
whe the r  a new q u a l i f i c a t i o n  program w i l l  be r e q u i r e d  
f o r  t h e  r e v i s e d  c o n f i g u r a t i o n .  

(5) S- I1  S e p a r a t i o n  P l a n e s  ( S t a t i o n s  1760 and 1564) 

The same t y p e  problem as f'or t h e  S-IVB a f t  sk i r t /  
i n t e r s t a g e  s e p a r a t i o n  p l a n e  ( s t a t i o n  2746) e x i s t s  
a t  t h e  two S-I1 s e p a r a t i o n  p l a n e s ,  e x c e p t  t ha t  t e n s i o n  
straps r a t h e r  t h a n  a band a re  u s e d .  It a p p e a r s  t h a t  
t h e  r e q u i r e d  c r o s s  s e c t i o n  area c a n  be o b t a i n e d  by 
i n c r e a s i n g  t h e  w i d t h  o f  t h e  p r e s e n t  t e n s i o n  s t r a p s .  
I f  s o ,  t h i s  s h o u l d  n o t  lead t o  shaped  c h a r g e  q u a l i -  
f i c a t i o n  p rob lems .  

S-IVB/S-I1 I n t e r f a c e  

Al though n o t  i n c l u d e d  i n  T a b l e  V I I I ,  l a t e r  i n f o r -  
ma t ion  i n d i c a t e s  t h a t  t h e  b o l t  d iameter  a t  s t a t i o n  2519 
w i l l  be  i n c r e a s e d .  

MSFC Course  of  A c t i o n  

MSFC i s  p r o c e e d i n g  w i t h  t h e  f o l l o w i n g  p l a n  t o  o b t a i n  a 
s t r u c t u r a l  f i x  f o r  t h e  engine-out  c a s e :  

(1) By u s e  o f  p a n e l  t e s t s ,  s t r u c t u r a l l y  t e s t  t h e  
f o l l o w i n g  t e n s i o n  j o i n t s  o f  t h e  SA-504 c o n f i g u r a t i o n  
t o  u l t i m a t e  s t r e n g t h  ( 5  samples  e a c h  l o c a t i o n ) :  
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L o c a t i o n  

3258 IU t o  SLA 

3222 S-IVB t o  IU 

3100 S-IVB LH2 t a n k  to S-IVB f o r w a r d  s k i r t  

2832 S-IVB LH2 t a n k  t o  a f t  s k i r t  

2 7 4 7  S-IVB s e p a r a t i o n  p l a n e  

1760 S-I1 f o r w a r d  s e p a r a t i o n  p l a n e  

1564 S-I1 a f t  s e p a r a t i o n  p l a n e  

( 2 )  Use a f a c t o r  o f  sa fe ty  o f  1 . 0  r a the r  t h a n  1 . 4  and 
a n  88 kno t  ( 4 5  m e t e r s / s e c o n d )  wind r a the r  t h a n  i l i6  k n o t s  
( 7 5  m e t e r s / s e c o n d ) .  

( 3 )  Have c o n t r a c t o r s  e v a l u a t e  t h e  j o i n t s  based on 
these  l o a d s  and recommend t h e i r  f i x  and any r e q u i r e d  
a d d i t i o n a l  t e s t s .  

6. GROUND W I N D  

The v e h i c l e  (504 and s u b s )  has been examined f o r  i t s  
c a p a b i l i t y  t o  w i t h s t a n d  a 65 kno t  peak  ground wind a t  t h e  6 0  f o o t  
l e v e l  w h i l e  s t a n d i n g  on t h e  l a u n c h  pad.  A d e s i r e d  1 . 4  f a c t o r  
o f  s a f e t y  was used  and b o t h  t h e  empty and f u e l e d  c o f i d i t i o n s  w i t h  
damper i n s t a l l e d  were c o n s i d e r e d .  

a .  Empty V e h i c l e  

The bend ing  moment p r o f i l e  f o r  t h i s  c a s e  i s  shown i n  
F i g u r e  1 0 .  As shown, t h e  compress ion  c a p a b i l i t y  o f  t h e  f o r w a r d  
p o r t i o n  of t h e  S- I1  LH2 t a n k  i s  m a r g i n a l .  
b y  a change i n  t h e  o p e r a t i o n a l  p r o c e d u r e  t o  m a i n t a i n  a 5 p s i  pres- 
s u r e ,  v i c e  3 .5 ,  i n  t h e  t a n k  unde r  t h i s  c o n d i t i o n .  The s-I1 d u a l  
s e p a r a t i o n  p l a n e s  were found t o  b e  c r i t i c a l  i n  t e n s i o n ,  as was 
t h e  c a s e  f o r  t h e  engine-out  c o n d i t i o n .  I f  t h e  n e c e s s a r y  s t r e n g t h  
i s  p r o v i d e d  i n  t hese  s t raps  t o  w i t h s t a n d  t h e  88 k n o t ,  1 . 0  f a c t o r  
o f  s a f e t y ,  eng ine -ou t  c a s e ,  a 1 . 4  f a c t o r  o f  s a f e t y  f o r  t h i s  ground 
wind w i l l  a l s o  be  p r o v i d e d .  O f  t h e  two s e p a r a t i o n  p l a n e s ,  t h e  
a f t  one i s  t h e  more c r i t i c a l .  It p r e s e n t l y  has a 1 . 0  f a c t o r  o f  
s a f e t y  f o r  t h i s  l o a d i n g  c o n d i t i o n ,  w h i l e  t h e  f o r w a r d  S-I1 separa- 
t i o n  p l a n e  has 1 . 3 5 .  

T h i s  can  be a l l e v i a t e d  
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b .  F u e l e d  V e h i c l e  

It was found t h a t  t h e  v e h i c l e  has a 1 . 4  f a c t o r  of 
s a f e t y  w i t h o u t  m o d i f i c a t i o n  or change i n  o p e r a t i o n a l  p r o c e d u r e .  

7. DISCUSSION/CONCLUSIONS 

a .  EDS Study  

The EDS Study  p o i n t e d  up t h a t  s t r u c t u r a l  p roblems 
e x i s t  f o r  t h e  eng ine -ou t  c a s e  a t  maximum &a:  A s e p a r a t e ,  b u t  
r e l a t e d ,  " s t r u c t u r a l  f i x "  program has been i n i t i a t e d .  T h i s  EDS 
e f f o r t  i s  c o n t i n u i n g  w i t h  r e s p e c t  t o  EDS p a r a m e t e r s  and f l i g h t  
crew s a f e t y .  

b .  S t r u c t u r e s  Review E f f o r t  

(1) Engine-Out 

The s t r u c t u r a l  c a p a b i l i t y  has undergone  p r e -  
l l m i n a r y  examina t ion  t o  d e t e r m i n e  t h e  amount o f  
s t r e n g t h e n i n g  r e q u i r e d  t o  w i t h s t a n d  eng ine -ou t  l o a d s  
w i t h  f a c t o r s  of  s a f e t y  o f  1 . 4  and 1.0. The "con- 
t r o l l e d "  c a s e  w i t h  a 1 . 4  f a c t o r  o f  s a f e t y  r e p r e s e n t s  
s t r e n g t h e n i n g  t h e  v e h i c l e  t o  t h e  e x t e n t  t h a t  loss 
o f  a n  e n g i n e  would n o t  j e o p a r d i z e  c o n t i n u i n g  on w i t h  
a t  l e a s t  a n  a l t e r n a t e  m i s s i o n .  A s  n o t e d ,  t h i s  would 
r e s u l t  i n  a n  estimated 8 , 7 5 4  and 2,887 pound p a y l o a d  
loss f o r  t h e  146 and 88 k n o t  wind c a s e s ,  r e s p e c t i v e l y ,  
a s  w e l l  as some r e d e s i g n  of  t h e  v e h i c l e .  The p a y l o a d  
l o s s  a l o n e  i s  s e r i o u s .  Impact  of  a v e h i c l e  r e d e s i g n  and 
c o n s i d e r a t i o n  f o r  t h e  u n c o n t r o l l e d  c a s e  ( F i g u r e  7 )  a re  
a l s o  i m p o r t a n t  f a c t o r s .  S t r e n g t h e n i n g  would n o t  p r o -  
v i d e  a 1 . 4  f a c t o r  of sa fe ty  f o r  t h e  u n c o n t r o l l e d  c a s e ,  
which,  however,  i s  p r e d i c t e d  t o  p r o v i d e  warn ing  t i m e  
b e f o r e  b reakup .  

The 1 . 0  f a c t o r  o f  s a f e t y  means t h a t  t h e  s t r u c t u r e  
w i l l  be  s t r e s s e d  r i g h t  up t o  i t s  u l t i m a t e  c a p a c i t y  t o  
w i t h s t a n d  t h e  engine-out  l o a d s .  The amount o f  s t r u c -  
t u r a l  s t r e n g t h e n i n g  r e q u i r e d  i s  based on t h e  s t r u c t u r a l  
l o a d  f i r s t  peak  i n  t h e  c o n t r o l l e d  eng ine -ou t  c a s e  
( F i g u r e  7 ) .  It does  n o t  p r o v i d e  c a p a b i l i t y  t o  w i t h -  
s t a n d  t h e  e v e n t u a l  b u i l d u p  i n  s t r u c t u r a l  l o a d s  f o r  t h e  
u n c o n t r o l l e d  e n g i n e  c a s e .  T h i s  1 . 0  f a c t o r  of  s a f e t y  
t h e n  d o e s  n o t  p r o v i d e  comple t e  a s s u r a n c e  t h a t  t h e  
f l i g h t  can  c o n t i n u e .  Rather ,  i t  i s  i n t e n d e d  t o  p r o v i d e  
warn ing  t i m e  for crew s a f e t y  9n t h e  c o n t r o l l e d  e n g i n e -  
o u t  c a s e .  
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Many f a c t o r s  must b e  c o n s i d e r e d  i n  d e t e r m i n i n g  
t h e  a c c e p t a b i l i t y  o f  t h e  1 . 0  f a c t o r  o f  s a f e t y  i n  view 
o f  t h e  t remendous p a y l o a d  l o s s e s  o f  t h e  1 . 4  f a c t o r  o f  
s a f e t y .  Some o f  these a re :  

(1) P r o b a b i l i t y  t h a t  t h e  95 p e r c e n t i l e  wind w i l l  
p r e v a i l  f o r  t h e  f l i g h t .  

( 2 )  P r o b a b i l i t y  o f  loss o f  an  e n g i n e .  

( 3 )  P r o b a b i l i t y  t h a t  t h e  e n g i n e  w i l l  be  l o s t  a t  
max Qa. 

( 4 )  I f  a n  e n g i n e  i s  l o s t  a t  max &a, t h e  p r o b a b i l i t y  
t h a t  i t  w i l l  b e  t h e  worse c a s e  e n g i n e .  

( 5 )  Conse rva t i sm,  o r  i n h e r e n t  marg in  of  s a f e t y ,  
i n  t h e  p r e d i c t e d  v e h i c l e  l o a d i n g ,  r e s p o n s e ,  
and s t r u c t u r a l  c a p a b i l i t y .  

TIL- 11,c I' l l *  o* ..'I c ba accorq[,odate t h e  146 kfiot wlnd fs 
accompl i shed  e n t i r e l y  by s t r u c t u r a l  s t r e n g t h e n i n g .  
On t h e  o t h e r  hand,  t h e  88 kno t  " f i x "  a l l o w s  f o r  
t r a j e c t o r y  b las .  Payload loss i s  v e r y  s imi la r ,  b e i n g  
296 pounds f o r  1 4 6  k n o t s  and 1 0 3  pounds for 88 k n o t s .  
I n  b o t h  c a s e s ,  t h e  t e n s i o n  band o r  s t r a p s  a t  separa- 
t i o n  p l a n e s  a re  c r i t i c a l  i n  c r o s s  s e c t i o n  a r e a .  
S t a g i n g  r eq lu i r e s  t h a t  t h e s e  b e  s e v e r e d  by t h e  l i n e a r  
shaped s e p a r a t i o n  c h a r g e s .  Even i n  t h e  88 kno t  wind 
c a s e ,  t h e  new r e q u i r e d  t h i c k n e s s  o f  t h e  S-IVB a f t  
s k i r t / i n t e r s t a g e  t e n s i o n  band i s  n e a r  t h e  l i m i t  
t h o u g h t  c a p a b l e  of s e v e r e n c e  by  t h e  p r e s e n t  s e p a r a -  
t i o n  p l a n e / c h a r g e  d e s i g n .  A r e q u a l i f i c a t i o n  program 
may b e  r e q u i r e d .  To i n c r e a s e  t h i s  t h i c k n e s s  t o  t h a t  
r e q u i r e d  f o r  t h e  1 4 6  kno t  wind would s u r e l y  lead t o  a 
r e d e s i g n .  Also ,  no compress ion  " f i x "  i s  r e q u i r e d  f o r  
88 k n o t s .  Although t h e  pay load  l o s s  i s  similar f o r  
t h e  two wind c a s e s ,  t h e  s t r u c t u r a l  " f i x "  f o r  88 k n o t s  
i s  s i m p l e r  w i t h  l e s s  impac t .  

There  i s  some s l i g h t  c o n s e r v a t i s m  i n  t h e  de t e r -  
m i n a t i o n  o f  t h e  loads  used  for t h e  1 . 0  f a c t o r  o f  safe- 
t y  eng ine -ou t  c a s e .  For example,  t h e  f i r s t  f o u r  f l e x -  
u r e  modes were e v a l u a t e d  and these  and t h e  wind g u s t  
l o a d i n g  superimposed as i f  i n  p h a s e .  L o s s  o f  t h e  w o r s t  
c a s e  e n g i n e  f o r  t h e  wind d i r e c t i o n  and  a t  t h e  most c r i t -  
i c a l  f l i g h t  t i m e ,  maximum &a, have  been  u s e d .  I n  
e s t a b l i s h i n g  t h e  j o i n t  s t r e n g t h s ,  c a p a b i l i t i e s  l a r g e r  
t h a n  e i t h e r  t h e  d e s i g n  l o a d  o r  t h e  l o a d  t o  which t h e  
j o i n t s  had been  t e s t e d  were n o t  u s e d .  A s  shown i n  
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T a b l e s  I t h r o u g h  I V ,  i n  many c a s e s  t h e  s t r u c t u r a l  
t e s t s  were o n l y  up t o  t h e  d e s i g n  f a c t o r  o f  s a f e t y  
for d e s i g n  v e r i f i c a t i o n ,  n o t  t o  u l t i m a t e  c a p a c i t y .  
Some of  t h e  j o i n t s  may have an  a c t u a l  u l t i m a t e  l o a d  
g r e a t e r  t h a n  t h e  d e s i g n  l i m i t .  I f  s o ,  t h i s  c o u l d  
c o n c e i v a b l y  r educe  t h e  s t r u c t u r a l  " f i x "  r e q u i r e d  or 
might  even  p r o v i d e  a f a c t o r  of  s a f e t y  g r e a t e r  t h a n  
1 . 0 .  A s  n o t e d  above,  MSFC i s  p r o c e e d i n g ' w i t h  p a n e l  
t e s t s  of  t h e  c r i t i c a l  j o i n t s .  The sample of f i v e  
t e s t s  f o r  e a c h  l o c a t i o n  s h o u l d  a d e q u a t e l y  d e f i n e  t h e  
j o i n t  c a p a b i l i t i e s  and v e r i f y  t h e  p roposed  " f i x e s .  It 
MSFC has a l s o  s ta r ted  t h e  s t a g e  c o n t r a c t o r s  ana-  
l y z i n g  t h e  j o i n t s  i n  d e p t h  f o r  d e t e r m i n a t i o n  of  
t h e  b e s t  p o s s i b l e  " f i x . "  

65 Knot Ground Wind 

T h i s  was d i s c u s s e d  i n  p a r a g r a p h  6 .  I n  summary, 
i n c r e a s e d  wid th  of t h e  S-I1 d u a l  s e p a r a t i o n  p l a n e  
t e n s i o n  s t r a p s  (which i s  a l s o  r e q u i r e d  f o r  t h e  88 
k n o t ,  1 . 0  f ' a c t o r  o f  s a f e t y ,  eng ine -ou t  c a s e )  and a n  
i n c r e a s e  of t h e  S-I1 empty LH2 t a n k  p r e s s u r e  from 
3 . 5  t o  5 . 0  p s i  w i l l  g i v e  a 1 . 4  f a c t o r  o f  s a f e t y  f o r  
t h e  empty v e h i c l e .  A s  p r e s e n t l y  c o n f i g u r e d ,  t h e  v e h i -  
c l e  has a 1 . 4  f a c t o r  o f  s a f e t y  whi le  s t a n d i n g  on t h e  
pad i n  t h e  f u e l e d  c o n d i t i o n  i n  t h e  same wind. 

C o n c l u s i o n s  

Based on t h e  above d i s c u s s i o n ,  i t  i s  concluded  t h a t :  

(1) Use o f  a 1 . 0  d e s i g n  f a c t o r  o f  s a f e t y  i n  d e t e r -  
minLng t h e  s t r u c t u r a l  f i x  f o r  t h e  c o n t r o l l e d  eng ine -  
o u t  c a s e  a p p e a r s  j u s t i f i e d .  Under t h e  w o r s t  c a s e  
l o a d i n g ,  t h e  s t r u c t u r e  w i l l  b e  worked up t o  i t s  u l t i -  
mate s t r e n g t h  w i t h  s i g n i f i c a n t  y i e l d i n g .  T h i s  would 
p r e c l u d e  c o n t i n u i n g  on w i t h  even  a n  a l t e r n a t e  m i s s i o n .  
It w i l l ,  as i n t e n d e d ,  p r o v i d e  warn ing  t i m e  f o r  crew 
sa fe ty .  S e r i o u s  payload  l o s s e s  would r e s u l t  i f  t h e  
v e h i c l e  were s t r e n g t h e n e d  t o  a 1 . 4  f a c t o r  o f  s a f e t y  
f o r  t h e  c o n t r o l l e d  eng ine -ou t  c a s e .  Even s o ,  t h i s  
would n o t  n e c e s s a r i l y  p r e c l u d e  v e h i c l e  l o s s  i n  t h e  
u n c o n t r o l l e d  engine-out  c a s e .  
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( 2 )  The program d e f i n e d  and  i n i t i a t e d  by MSFC w i l l  
l e a d  t o  a ' ' f i x "  f o r  t h e  c o n t r o l l e d  eng ine -ou t  c a s e .  
D e t e r m i n a t i o n  of  u l t i m a t e  s t r e n g t h s  by t h e  p a n e l  
t e s t s  i n c l u d e d  i n  t h e  program i s  n e c e s s a r y .  A 
s e r i o u s  pay load  loss i s  n o t  e x p e c t e d  t o  r e s u l t  f rom 
t h e  ' ' f i x . "  
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VEH I C L E  VELOCl  T Y  

ANGLE OF 
ATTACK 

AERO L iFT MOMENT, M a t ,  
TENDS T O  ROTATE CLOCK- 
W I S E  ABOUT C.G. 
M a  = (LIFT)  (C)  

Ma& Mp SUPERIMPOSE TENSION LOADS 

ON BOTTOM): 

ON BOTTOM AND COMPRESSION ON T O P  
AS FOLLOWS (CAN RESULT I N  NET T E N S I O N  

/ / e 
M, = T E N S I O N  
N, = COMPRES t 

N T  

A X I A L  LOADS BENDING 
NOTE: 

FOR C L A R I T Y ,  G R A V I T Y  & NOMINAL 
R A T E  CHANGE ACCELERAT ION LOADS 
NOT SHOWN 

E N G I N E  G I M B A L  MOMENT, MB , 
CLOCKWISE ABOUT C.G. T O  
BALANCE AERO MOMENT, M d  

I 
TENDS TO ROTATE COUNTER- 

MB = w p  (a) 

N E T  LOADS 

F I G U R E  I - SATURN V - S I M P L I F I E D  CONTROL MOMENTS J U S T  P R I O R  T O  
E N G I N E  LOSS AT MAX. Q CL (T + 70s) 



(UNSYMMETRICAL ENGINE 
THRUST DUE TO ENGINE 

J 7" 
( B W I LL DECREASE 

TO REGAIN CONTROL) 

LOSS OF ONE 
LOWER ENGINE 

UNBALANCED COUNTER- 
CLOCKWISE MOMENT 
ABOUT C.G. = 

ME0 - AMP 
= T b  - T B a  

(CAUSES COUNTERCLOCKWISE ANGULAR 
ACCELERATION ABOUT C.G. WHICH 
GENERATES CLOCKWISE ACCELERATION 
LOAD MOMENT. T H I S  ADDS TENSION 
I N  BOTTOM AND COMPRESSION I N  TOP) 

THE LOADS CHANGE AS FOLLOWS: 
/ 

- + - + 

I T  NT NT 

NET LOAD, 
FIGURE I, J U S T  AM@= T @ a  ME, = Tb 

OUT 
PRIOR TO ENGINE- 

NET LOAD BEFORE 
ENG I NE G I MBAL 
CORRECTION. R A P I D  
BU I LDUP OF TENS ION. 
(COMPRESS I ON LOAD I NG 
MORE SEVERE A T  S- I C  
BURN OUT) 

F IGURE 2 - SATURN V - DISTURBING MOMENTS JUST AFTER LOSS OF LOWER ENGINE AT MAX Qa 



UNBALANCED CLOCKWISE 
MOMENT ABOUT C.G. = 

CAUSES T E N S I O N  TOP, 
COMPRESS I OW BOTTOM 

THE LOADS CHANGE AS FOLLOWS: 

N E T  LOAD, 
F I G U R E  I, J U S T  
PRIOR TO LOSS 
OF E N G I N E  

MOTES: 
1 .  R A P I D  S T R L T U R A L  OVERLOAD NOT PRESENT 

AS FOR LOSS OF LOWER ENGINE, F I G U R E  2. 

2. I N I T I A L  UNBALANCED MOMENT IS 2TBa GREATER 
THAN FOR LOSS OF LOWER ENGINE. ALTHOUGH 
NOT CAUSING INSTANTANEOUS BREAKUP T H I S  CASE WAS 
FOUND T O  LEAD T O  I N S T A B I L I T Y  CAUSING EVENTUAL 
STRUCTURAL OVERLOAD, BUT W I T H  WARNING T I M E .  

\ 

h 

N T  

N E T  LOAD J U S T  
AFTER LOSS OF 
UPPER ENGINE. 
NO INSTANEOUS 
TENS I ON BU I LDUP 

F I G U R E  3 - SATURN V - D I S T U R B I N G  MOMENTS J U S T  AFTER LOSS 
OF UPPER ENGINE A T  MAX Q Cy 
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